by TMS of the left primary motor cortex at different delays during the observed actions. Results show that actions viewed in near peripheral vision are effective in modulating the subliminal activation of motor circuits, but that responses are rough and inaccurate, and do not reflect the motor program encoding the observed action or its goal. We suggest that due to their limited kinematic accuracy, these subliminal motor responses may provide information about the general aspects of observed actions, rather than their specific execution.
Introduction
Being able to perceive what others are doing is important for social beings such as humans and requires a number of different sensory and cognitive abilities. The perception of other people's behavior, which encompasses both the goal of observed actions and the single movements necessary to reach that goal (Gallese 2014) , occupies a special status in the nervous system. We are perceptually tuned to the kinematic aspects of the movement of others around us through the integration of different incoming information from both central and peripheral vision (Giese and Poggio 2003; Thornton et al. 1998; Verfaillie 2000) . An impressive body of literature in the past 20 years has revealed a possible role played by cortical motor areas in action perception (Schütz-Bosbach and Prinz 2007; Rizzolatti and Sinigaglia 2010; Avenanti et al. 2013) , i.e., the subliminal activation of an action observation network (AON) when viewing others' actions. In analogy with their respective functions during action execution, it has been proposed that the pattern 1 3 of activity in ventral premotor and parietal cortices corresponds to the neural representation of the goal (Gallese et al. 1996; Fogassi et al. 2005; de Hamilton and Grafton 2006; Kilner et al. 2004) , and that the primary motor cortex (M1) encodes the specific motor program required to reproduce the observed action (Fadiga et al. 1995; Rizzolatti et al. 2001; .
Specifically, studies with transcranial magnetic stimulation (TMS) have shown that observation of a hand grasping an object elicits a motor resonant response, i.e., a pattern of motor-evoked potentials (MEP) facilitation of the same muscular groups and with the same time course as in the observed grasping of that object (Gangitano et al. 2001 (Gangitano et al. , 2004 Borroni et al. 2011; Press et al. 2011; Cavallo et al. 2012 Cavallo et al. , 2013 Sartori et al. 2012; Mc Cabe et al. 2014) . Thus, by encoding the kinematic aspects of an observed action, the specific subliminal activation of the primary motor cortex (M1) facilitates its repetition as can be useful, for instance, during imitation for motor learning (Iacoboni 1999; Mattar and Gribble 2005; Vogt et al. 2007 ). In motor learning, neural resources must be dedicated to the acquisition of precise kinematic information about the single movements to be learned, while simultaneously contextualizing this fine scale in the larger scale of the entire action. For example, as the pupil observes the fine finger movements of his/her violin teacher, he/she must also record the position of the wrists, arms, shoulders, neck, trunk, and so on, which remain in the periphery of the main finger action. Since cortical magnification selectively boosts central vision (Wassle et al. 1990 ) and in peripheral vision visual acuity and phase discrimination are naturally decreased (Hubel and Wiesel 1968; Shapiro et al. 2011) , the accuracy of visual information in peripheral action observation is expected to be much lower than in central observation. We can thus hypothesize that moving from central to peripheral vision, the degradation of the precision of motor resonance corresponds to a progressive loss of its replicative function, in favor of the progressive formation of a more contextual representation of the observed action. Similarly, the subliminal motor response recorded when observed actions fall in the peripheral field could have the more generic function of allowing monitoring biological movements in the environment and facilitating prediction and/or interaction between the observer and others. Indeed, Sartori et al. (2009) have shown that a socially meaningful gesture, performed by a human agent peripherally to the execution of a grasping action, can perturb the trajectory of the executed grasping, suggesting the possibility of a motor resonant effect in peripheral vision.
The possibility that actions located in the peripheral field of vision may evoke motor resonant responses in observers' motor pathways has not been investigated in human subjects and only indirectly in other primates. In a study addressing the allocation of gaze in macaque monkeys observing actions performed by others, Maranesi et al. (2013) showed that almost half of the recorded mirror neurons was "gaze-independent," i.e., that F5 neurons code the observed interaction between the agent's hand and the target irrespectively of whether the monkey is looking directly at it, implying that these neurons are activated by movement in the monkey's peripheral field of vision (at locations >9° from the fixation point).
In the present paper, we examine the time course of the excitability modulation of M1, utilizing motor potentials evoked by TMS at different delays during the observation of two actions composed of three phases (reaching, grasping, and lifting a ball) viewed by subjects in their near peripheral field. By studying the entire time course of the observed action, we can discriminate fine but critical differences in the subliminal motor response that would not be evident with a single-time sampling during the action observation task and might lead to the wrong conclusions. A previous study by our group (Borroni et al. 2011) has shown that during observation of the same two actions in central vision, the different patterns of MEP amplitude modulation in the Abductor Digiti Minimi (ADM) and Opponens Pollicis (OP) muscles, reproduce the subliminal motor programs consistent with the specific activation of these muscles during the execution of the grasping phase of the observed actions, i.e., during hand opening and closing, respectively. The different patterns of MEP amplitude modulation recorded during observation of the different actions, with the same grasping goal, demonstrated that the resonant responses reproduce the kinematic aspects, not the goal of the entire action. These results will be directly compared to the results of the present study.
We hypothesize that the grasping actions observed in peripheral vision are effective in modulating the excitability of motor pathways, but we expect that the modulation pattern will have a lower kinematic specificity than in central vision (i.e., the facilitation of ADM and OP MEPs will not reflect the precise timing of the activation of these muscles during hand opening and closing). However, while the neural resources for perception of biological motion are concentrated in the central region of the visual field (foveal and parafoveal 0°-5°; Ikeda et al. 2005; Brown et al. 2005; King et al. 2010) , peripheral vision, less encumbered by high spatial frequency visual information, may be sufficient to discriminate the general aspects of a visual scene, such as its direction and overall gist (Gurnsey et al. 2008; Thompson et al. 2007; Gibson et al. 2005; Larson and Loschky 2009) , and may thus actually be advantageous in the recognition of the goal of an observed action. Therefore, we explore the possibility that, even in the absence of precise kinematic visual information, motor resonance in peripheral vision might reflect the goal of the observed action. In this case, the prediction is that the facilitation of ADM and OP MEPs will not reflect the precise timing of the activation of these muscles during hand opening and closing, not provided by vision, but will still be strictly limited to the grasping phase of the reaching-grasping-lifting action.
Materials and methods
Experiments were carried out on 40 healthy adult volunteers (23 females, average age 24.1 ± 5.3), who were fully informed about the experimental procedures and signed a written consent. Experimentation was conducted in accordance with the Declaration of Helsinki and was approved by the Ethics Committee of the University of Milan. All subjects had normal or corrected-to-normal vision, no history of neurological disorders, or contraindication to TMS. All were right-handed according to the standard Edinburgh Handedness Inventory (Oldfield 1971) .
Experimental paradigm
In order to verify the presence and the quality of motor resonance response in peripheral vision, we replicated the experimental paradigm utilized in a previous study from our group (Borroni et al. 2011) in which actions were shown in central vision, so that data from the two studies could be directly compared in the same statistical model. None of the subjects of the first study participated in the present study. Motor-evoked potentials (MEPs) were used to measure the excitability modulation of cortical and spinal motorneurons during observation of a grasping action performed by an avatar's right hand with two different movements (see below). MEPs were evoked by singlepulse TMS of the hand area in the left M1 of volunteers and were recorded simultaneously from the right Opponens Pollicis (OP) and Abductor Digiti Minimi (ADM), two muscles normally utilized during a grasping action for finger closing and opening, respectively. Half of the subjects observed a 5-s video clip of a "natural" hand motor sequence (fingers flexing toward the palm of the hand), showing an avatar grasping a red ball positioned on a table, and the other half observed an identical video clip, except just for the frames in which the avatar grasps the ball using an "impossible" hand motor sequence (fingers flexing toward the back of the hand) (Fig. 1) . The presentation of an impossible movement allows us to define, through a questionnaire, to what extent the subjects could be able to perceive the kinematic aspects of the observed action in peripheral vision. We chose a between-subject experimental design with the natural and impossible actions observed by two separate groups of subjects to avoid influencing the observation of either actions with previous experience. and impossible (right column) conditions. 0 s = d1, baseline, static delay in which hand is not interacting with the ball; 1 s = d2, opening, interactive delay of maximal finger aperture during the grasping action; 1.6 s = d3, closing, interactive delay in which the avatar's fingers grasp the ball; and 3 s = d4, holding, interactive delay in which the avatar's hand lowers the ball on the table after having lifted it. Subjects were asked to fixate a red cross on the left side of the screen while the action was shown in the right near periphery (10°). The upper middle image shows the entire avatar's body, presented to the subjects at the beginning of the video (color figure online)
Experimental protocol
The experimental protocol was identical to the one utilized in Borroni et al. (2011) except for one critical variable, i.e., that the grasping action was observed in peripheral vision instead of in central vision. Subjects were sitting in an armchair with prone hands resting on lateral supports and were asked not to move during the experimental trials. They watched a video on a 17″ high-resolution computer screen placed at eye level at a distance of 1 m. Subjects were instructed to fixate a red cross (4 cm in size) on the left side of the screen, while the video with the action appeared on the right side of the screen. The center of the ball, focus of the grasping action, was placed at 17 cm to the right of the fixating point, i.e., at 10° eccentricity on the horizontal plane with respect to central vision of subjects located at 1 m distance from the screen. Eye position was continuously monitored during video presentation with electrooculogram recordings obtained with self-adhesive monopolar surface electrodes placed laterally to each eye, to verify that subjects maintained their gaze on the fixation point. The room was quiet, and lights were dimmed to minimize acoustic and visual distractions. Before the first trial, a short introductory video was shown, zooming in on a male avatar standing near a table where a red ball was resting; this scene was shown in central vision in order to familiarize subjects with the context of the action. Subsequently, during the experimental trials, a second video was shown in peripheral vision, consisting of a close-up of the avatar's hand grasping the ball (Fig. 1 ). This video started with the right hand moving from its resting position along the avatar's body, to the ball. Then, in the natural grasping video, the hand opened with a finger extension and grasped the ball with a normal "palmar" finger flexion, while in the impossible grasping video, the hand was supinated while opening with finger extension and grasped the ball with an abnormal "dorsal" finger flexion; after a brief lifting phase, the sequences were concluded (see videos in Supporting Information).
MEPs were recorded with self-adhesive bipolar surface electrodes over each muscle belly. Electromyographic signals were amplified, filtered (100 Hz-1 kHz), and digitally converted (sampling rate 5 kHz). The head of subjects was restrained by a comfortable pillow wrapping around the neck and supported by a fixed head rest. A mechanical arm held a figure-of-eight-shaped coil connected to a magnetic stimulator (Magstim 200, Magstim Company Limited, Whitland, Wales, UK; maximal power 2.2 T). The coil was positioned and fixed on the left M1 so as to activate both selected muscles, and the stimulator output was set at about 110 % of the motor threshold of the less excitable muscle (defined as the intensity giving three MEP responses out of six stimuli). The excitability time course was explored at four relevant randomized delays from the onset of the video: (d1) 0 s = baseline, static delay in which hand is not interacting with the ball; (d2) 1 s = opening, interactive delay of maximal finger aperture during the grasping action; (d3) 1.6 s = closing, interactive delay in which the avatar's fingers grasp the ball; and (d4) 3 s = holding, interactive delay in which the avatar's hand lowers the ball on the table after having lifted it.
For each subject, a total of 40 presentations were obtained, so that overall k = 10 replications of MEP responses were recorded at each of the four delays (with the exception of three subjects with k = 5, 8, 9 replications, respectively). Presentations were grouped in two blocks of 20 trials, and subjects were instructed that they could rest at the end of the first block. Within each block of 20 trials, MEPs were evoked and recorded five times at each specific delay, chosen in a semi-random order (completing a set of four delays before starting the next set) by the data acquisition program. In order to do this, at the very first frame of the video, a synchronizing signal was fed into the computer, which triggered both TMS stimulator and acquisition program at one of the selected delays. Presentations were spaced by 8-s dark screen intervals (resulting in interstimulus intervals lasting a minimum of 10 s). To exclude the possibility of voluntary or involuntary mimic activity of the observer, the background electromyographic activity was monitored in the muscles throughout the whole video presentation.
Data analysis
In each subject, MEP responses for each muscle were measured as peak-to-peak amplitude; MEP values in all four delays were normalized to the average of values in d1 (baseline, time = 0 s), i.e., within each subject, the mean of MEPs recorded at delay 0 was computed, and then, each MEP of that subject, at each delay (included delay 0), was divided by this computed mean. Average MEP values for the baseline delay are shown in Table 1 . Note that the experimental protocol (except for the placement of the video in peripheral vision) and (d1, d2, d3 , and d4) in turn nested within two level of muscle (OP and ADM) as repeated measures within each subject, whereas movement (natural and impossible) and vision (peripheral and central) were set as between-subject factors. Post hoc test with Bonferroni correction for multiple comparisons was performed. For all statistical tests, significance level was set at p < 0.05. Data were acquired and recorded using LabView10 and stored for later analysis; statistical analysis was conducted using SPSS software (version 20, SPSS Inc., Chicago, IL, USA).
Post-experimental questionnaire
In order to investigate the conscious perception of actions observed in peripheral vision, at the end of the experiments all subjects answered a questionnaire asking them to describe with words what they had seen and then to physically repeat it as accurately as possible.
Results
Because of their direct relevance in the analysis of the present data, results of a previous study in which subjects observed the same videos in central vision (Borroni et al. 2011) are briefly outlined here. The excitability modulation of the motor pathways to the OP and ADM muscles during observation of the natural (palmar finger flexion) and impossible (dorsal finger flexion) grasping action reflected a pattern consistent with the specific activation of these muscles during the execution of each observed movement: The thumb opponent was facilitated during the observation of fingers closing around the ball in the natural movement, corresponding to the thumb closing phase of the grasping action, and not during observation of the impossible movement, when the thumb is always extended. The little finger abductor was facilitated during finger opening and extension, corresponding to the opening phase in the natural action and both opening and closing phases in the impossible grasping action (Fig. 2) , when this finger is always extended.
Modulation of motor-evoked potentials in peripheral vision
Observation of the natural or impossible grasping actions in near peripheral vision (present study) resulted in a modulation of the excitability of M1 very different from the modulation measured during observation of the same actions in central vision (previous study) (Fig. 3 vs Fig. 2) . Subjects' eye position was continuously monitored during video presentation to verify that they maintained their gaze on the fixation point (see Methods). In order to investigate such difference, normalized OP and ADM MEP modulation data from both studies were analyzed by linear mixed model, with replications of each delay, with delay and muscle as repeated measured within-subject, and movement and vision as between-subject factors (see Methods). Results revealed a significant main effect of the vision factor [F (1,5046.9) = 63.94, p < 0.001], indicating that, considering all the delays together in both muscles and in both movements, MEP modulation was different between peripheral and central vision. A significant main effect for the delay factor [F (3,2860.4) = 29.64, p < 0.001] and a significant delay/vision interaction [F (3,2819.5) = 10.11, p < 0.001] also emerged suggesting that, considering both muscles in both movements, MEP modulation was different in the delays between the two vision conditions. Most importantly, the four-way interaction between muscle, delay, vision, and movement was significant [F (25,1414.9) = 3.46, p < 0.001], indicating that MEP modulation patterns are different when all four factors are considered. Then, multiple comparisons between the same delays in the different vision conditions were performed for each movement and each muscle. For the natural movement, MEPs in the OP muscle were significantly smaller in central than in peripheral vision in d2 (p < 0.001) and in d4 (p < 0.035), and MEPs in the ADM muscle in d3 (p < 0.039) and in d4 (p < 0.027). For the impossible movement, OP MEPs were significantly smaller in central than in peripheral vision in d2 (p < 0.001), in d3 (p < 0.025), and in d4 (p < 0.028) and ADM MEPs only in d4 (p < 0.050). These results confirm all expected differences in MEP modulation between peripheral and central vision in the different experimental conditions, showing that MEP modulation was much more specific in central vision to the times of actual activation of muscles during the observed action, while in peripheral vision activation was more generalized because MEPs were facilitated at all interactive delays of the observed action (see below). These results also deliver an unexpected result, namely the facilitation of OP MEPs during the peripheral observation of the impossible grasping action. In this condition, in fact the thumb is always hyperextended, and in the central vision experiments, OP MEPs were never facilitated (Fig. 3 vs. Fig. 2 ).
During peripheral observation, differently from central observation, of both natural and impossible grasping actions, the excitability of the primary motor cortex and of the corticospinal projections to the OP and ADM muscles were facilitated in a rough and inaccurate manner, involving equally both muscles and all "interactive" delays (d2, d3, and d4), in which the hand was interacting with the ball to be grasped. In fact, multiple comparisons between different delays revealed a significant difference only between baseline (d1) and all other delays (d2, d3, and d4) (natural grasping condition, OP: d1 vs. d2 p < 0.001, d1 vs. d3 p < 0.033, d1 vs. d4 p < 0.029; ADM: d1 vs. d2 p < 0.001, d1 vs. d3 p < 0.021, d1 vs. d4 p < 0.039. Impossible grasping condition, OP: d1 vs. d2 p < 0.001, d1 vs. d3 p < 0.042, d1 vs. d4 p < 0.037; ADM: d1 vs. d2 p < 0.049, d1 vs. d3 p < 0.026, d1 vs. d4 p < 0.047). MEP facilitation in OP and ADM is not consistent with the activation of these muscles during the actual execution of either observed actions, because the observed MEP modulation is the same in the two different muscles (a flexor and an extensor) and in all the different active phases of the action, rather than reflecting either a grasping pattern or a hand hyperextension pattern.
Post-experimental questionnaire
The presentation of an impossible movement allows us to define to what extent the subjects could be able to perceive the kinematic aspects of the observed action. The answers to the post-experimental questionnaire indicate that most subjects described either natural or impossible actions observed in peripheral vision as a natural grasping action: Only one of the 21 subjects observing the natural movement and six of the 19 subjects observing the impossible movement reported uncertainty about the grasping goal and suggested vague actions, such as bouncing or stroking the ) were not modulated. ADM MEPs in the natural action (c) were significantly facilitated in the opening phase (1.0 s) with respect to all other phases. In the impossible action (d), ADM MEPs in the opening and grasping phases were not different from each other, but significantly facilitated with respect to the other phases. On the bottom, video frames of the grasping phase of both natural and impossible actions are reported at their corresponding delay object. Interestingly, concerning kinematics detection, as many subjects observing the natural movement as observing the impossible movement (5) were not able to define accurately some details of the observed movement, for example the orientation in space of the hand approaching the object, confirming the intrinsic inaccuracy of peripheral vision. In fact, none of the subjects observing the impossible grasping detected its bizarre kinematics, i.e., described it as it was or, when requested to simulate the movement they had seen, actually tried to perform an impossible grasping, indicating that such an unfamiliar movement could not be recognized given the limited visual information available.
Discussion
The results of the study support our first hypothesis, showing that observation of grasping actions in near peripheral vision was effective in eliciting a modulation of the excitability of primary motor cortex areas projecting to hand muscles normally involved in grasping, and that the reduction in visual resolution resulted in a dramatic decrease in the kinematic specificity of motor resonant responses compared to central vision. MEP facilitation recorded in the OP and ADM muscles was inaccurate in terms of muscle selection and timing of their activation during the observation of all the different phases of the two actions: It was virtually identical at all interactive delays (d2, d3, and d4), irrespective of the muscle (flexor or extensor) and of the type of observed movement (natural or impossible). Strictly speaking, the recorded responses could be viewed as different from proper motor resonant responses, because MEP modulation is not consistent with the motor program corresponding to the observed grasping, in which ADM and OP MEPs are facilitated differently and at different times during hand opening and closing, respectively. Importantly, single responses were rather consistent across all subjects of the study and with the averaged response pattern. This is a relevant point because the absence of a grasping pattern in the averaged responses could otherwise be seen as the result of a de-synchronization of responses in single subjects due to the visual uncertainty of peripheral vision, which could have caused a temporal shift between perfectly good grasping motor resonant responses of different subjects, blurring the effect in the common pattern. But this was not the case. In contrast, most single-subject responses of the central observation study (Borroni et al. 2011 ) reflected a clear grasping pattern of MEP facilitation.
The unexpected facilitation of OP MEPs during the observation of the impossible grasping action in peripheral vision, compared with the absence of facilitation in Fig. 3 MEP modulation during action observation in peripheral vision. MEP amplitude variations in OP and ADM muscles (vertical gray bars, mean ± SE) recorded at four selected delays (d1 = 0 s, d2 = 1 s, d3 = 1.6 s, and d4 = 3 s) during the observation in peripheral vision of the avatar's natural (a, c) or impossible (b, d) grasping action. Small figures on the bottom are the video frames illustrating positions of the hand at the four delays. OP and ADM MEPs were significantly facilitated during the delays 1, 1.6, and 3 s (interactive phases of the grasping) with respect to delay 0 s (static phase) in both natural and impossible movements central vision, also deserves a comment. In fact, the lack of visual details in peripheral observation appears to have lead subjects into a perceptual error (as also supported by subjects' answers in the post-experimental questionnaire), in which the supine hand performing an impossible movement was seen as a prone hand performing a normal movement (while the absence of modulation in OP MEPs during central observation was consistent with the clearly visible thumb, which in the impossible movement is never flexed). With fewer details available in peripheral vision, the motor simulation underlying the resonant response relied more heavily on internally generated information, rather than being totally externally guided (Chambon et al. 2011; Vogt et al. 2013) . In other words, because the natural grasp is a more familiar, canonical (Palmer et al. 1981) condition for the hand, subjects tended to see the little finger extending to grasp the ball in the forefront of the video as if it were the thumb, and to resonate according to their internal representation of what a hand is and how it normally moves. As a consequence, the OP motor resonant response during observation of the impossible grasping is identical to that evoked by observation of the normal grasping.
Data from the present experiment did not confirm the second hypothesis of the study, namely the idea that the visual information available during peripheral action observation, though reduced compared to central observation, could be utilized to evoke a resonant response encoding the gist of the visual scene, i.e., the goal of the observed action. If that had been the case, the expected pattern of MEP modulation should have encoded only the actual grasping action, i.e., the opening and closing phases of the hand movement (d2 and d3), while results show that MEPs in both muscles are facilitated at all interactive delays (d2, d3, and d4). With the lower kinematic accuracy imposed by peripheral vision, it would not have been reasonable to expect the same accurate pattern of ADM and OP MEP facilitation recorded in central vision, because in the observed video hand opening and closing are separated only by 600 ms, and subjects are probably not seeing the moving hand clearly enough for this fine temporal resolution. However, MEP facilitation should still have shown some attempt at reflecting the grasping action, with the activation of both muscles and only in both grasping delays, reflecting the compromise between decreased visual accuracy and goal encoding. Instead, MEPs are facilitated also at the last delay, which occurs at the very end of the video, a long time (1400 ms) after the grasping action is concluded. This suggests that the responses evoked by peripheral action observation reflect a rough and inaccurate activation of motor circuits, rather than a true resonant copy of the motor program encoding the observed action. It is however worth noting that the modulation of the primary motor cortex is still linked to the observation of the hand interacting with the ball, given that there is a significant facilitation of the three interactive delays compared with the first static delay, when the hand is not directly interacting with the ball yet.
During action observation, visual information from the occipital cortex reaches inferior parietal (BA40) and ventral premotor (BA6) areas, forming the well-described parietofrontal human action observation network Grèzes et al. 2001; Cabinio et al. 2010) , where it has been suggested that an embodied motor representation of the observed action is generated, with its more abstract goal (Gallese 2007) . From the ventral premotor (vPM) cortex, motor information continues to the primary motor cortex where it shapes a motor resonant response (Borroni et al. 2008) . Many different studies have shown evidence supporting the hypothesis that the pattern of activation of premotor and parietal circuits during action observation encodes the goal of the observed action (Gallese et al. 1996; Fogassi et al. 2005; de Hamilton and Grafton 2006; Kilner et al. 2004; Rizzolatti and Sinigaglia 2010) , and this interpretation was inspired by the role that these areas play in action execution. Therefore, reflecting the goal of an observed action could be seen as a logical function of M1, which receives visuomotor information from the premotor cortex. However, encoding the kinematic aspects of an observed action is much more consistent with the actual motor functions of M1 which, by virtue of its low position in the motor hierarchy, is typically involved in aspects of movement more immediately concerned with choice of muscular synergies, temporization of muscle activation, and force production, rather than its intention or ideation. Thus, it is precisely because M1 controls kinematic aspects of movement during active performance, that during action observation we expect it to encode information at this same level, embodied through the mirroring of the specific muscular and temporal details of the movements comprising the observed action. In this context, the activation of M1 during action observation could play a critical role in facilitating its repetition during imitation and motor learning (Iacoboni 1999; Rizzolatti et al. 2001; Mattar and Gribble 2005; Vogt et al. 2007 ). In the present experiment, during action observation in peripheral vision, the visual information that reaches the parieto-frontal network lacks the high-frequency spatial resolution of kinematics that is only available in central vision, and does not evoke a resonant response useful for goal-coding in M1. However, the visual information per se contains enough information to allow most observers to recognize the goal of the observed action (see post-experimental questionnaire). Whether this recognition is actually realized through an embodied simulation in the premotor-parietal action observation network, or as a result of different cognitive processes in other, associative cortical areas (where the uncertain visual information could be combined with an internal model of grasping based on previous experience, Vogt et al. 2013) , cannot be resolved here. Our data show that even assuming that an abstract motor representation of the observed grasping action and its goal had indeed been created in the action observation network, the corresponding information for generating a grasping motor program was not transferred to M1. Instead, in M1 "what you see is what you get": consistently with the poor kinematic detail available from peripheral vision, the pattern of excitability modulation in this cortical area encodes only very roughly the activation of hand muscles involved in grasping.
Several studies have shown that the neural resources for perception of biological motion are concentrated in the central region of the visual field (Brown et al. 2005; King et al. 2010; Larson and Loschky 2009) and that peripheral vision contains less precise spatial and temporal phase information than central vision (Azzopardi and Cowey 1996) , increasing the uncertainty of biological motion perception (Ikeda et al. 2005; Shapiro et al. 2011 ). On the other hand, the low spatial frequency information available in peripheral vision may actually be advantageous in the recognition of the gist of a visual scene (Larson and Loschky 2009) , rather than in the recognition of specific objects, which requires higher spatial frequency resolution. In our study, the majority of subjects had in fact correctly recognized the goal of the action seen in peripheral vision, i.e., a hand grasping a red object (even when the grasping was done in the impossible way), but many were uncertain about the exact identity of the object being grasped (about one-third reported seeing an apple instead of a ball). In this context, it is difficult to argue for a functional role of M1 resonant responses in peripheral vision, since the ambiguous kinematic information they provide appears to be of limited use in facilitating the precise repetition of observed actions, as would be necessary, for example, during imitation for motor learning. However, during any kind motor learning, two parallel strategies are necessary. On the one hand, one must allocate resources to the acquisition of precise information regarding specific details of the movements composing the action to be learned, so as to be able to replicate them, while simultaneously contextualizing the fine scale of the single movements in the larger scale of the entire action. This view is consistent with the results of the present experiments and the complementary roles of central and peripheral vision responsible, respectively, for analyzing the details of objects and scenes versus scanning the environment for changing conditions and initiating quick responses (Johansson 1977; Palmer and Rosa 2006) . In this more ecological perspective, when an action appears in peripheral vision and evokes a rough and inaccurate subliminal activation of motor circuits, the natural responses might be to either shift one's gaze so as to observe the action in central vision (Yarbus 1967; Wilson and Knoblich 2005) , where a more accurate motor resonance response can be generated, or to keep it in periphery if it is complementary to a different action that is already engaging the resonant action observation network.
